Alzheimer's disease (AD) is characterized by a progressive loss of cognitive function, occurring parallel to granulovacuolar degeneration, the deposition of β-amyloid amyloid beta (Aβ) in extracellular plaques and in the cerebrovasculature, and the formation of intracellular neurofibrillary tangles containing hyperphosphorylated tau protein in neurons. AD is the third leading cause of death after cardiovascular disease and cancer and affects more than 25 million individuals world-wide. At present, the number of patients suffering from AD is rising continually world-wide and represents one of the biggest challenges for most societies throughout the world.
INTRODUCTION
Alzheimer's disease (AD) is characterized by a progressive loss of cognitive function, occurring parallel to granulovacuolar degeneration, the deposition of β-amyloid amyloid beta (Aβ) in extracellular plaques and in the cerebrovasculature, and the formation of intracellular neurofibrillary tangles containing hyperphosphorylated tau protein in neurons. AD is the third leading cause of death after cardiovascular disease and cancer and affects more than 25 million individuals world-wide. At present, the number of patients suffering from AD is rising continually world-wide and represents one of the biggest challenges for most societies throughout the world. [1] Although the etiology of AD remains unclear, increased oxidative stress have been reported to be an important underlying cause of neurodegeneration in AD. [2] Brain structures supporting memory are uniquely sensitive to oxidative stress due to their high demand for oxygen. [3, 4] Chronic oxidative stress increases with age, and ageing is one of the major risk factor for AD.
Numerous studies have suggested that a diet rich in fruits and vegetables may represent an important alternative therapeutic options by improving age-related memory decline, and cognitive dysfunction observed in AD. [5, 6] These beneficial "antiageing" effects are associated with their high antioxidant capacity. Antioxidants such as Vitamin E could reduce β-amyloid-induced neurotoxicity in cultured hippocampal neurons. [7] And can slow the progression of AD significantly. [8] Similarly, Ginkgo biloba extract improves cognitive function in AD patients. [9] Walnut extracts have been reported to offer benefits to Aβ induced cytotoxicity in PC12 cells [10] and pomegranate could improve memory in AD transgenic mice. [11] Fruits of the date palm (Phoenix dactylifera L. Arecaceae) are commonly consumed in several parts of the world and represent a vital component of the diet and a staple food in most of the Arabian countries. The date fruit is listed in folk remedies for the treatment of various diseases including cancer [12] and has been demonstrated to show immunomodulatory activity. [13] Moreover, studies have also shown the antibacterial activity [14] antihyperlipidemic activity, [15] hepatoprotective activity, [16] nephroprotective activity, [17] anticancer activity, [18] antifungal [19, 20] properties and antimutagenic activity [21] of date palm fruits.
Dates are a good source of energy, vitamins, and important elements such as phosphorus, iron, potassium, and a significant amount of calcium. [22] Besides nutritional value, date fruits are rich in phenolic compounds possessing free radical scavenging and antioxidant activity. Several studies have reported such activity of date fruits cultivated in Algeria, [23] Kuwait, [21] Oman, [24, 25] Iran, [26] Bahrain [27] and the USA. [23] These studies show that fresh and dried dates varied quantitatively and qualitatively in their phenolic acids content. Studies with three varieties of Omani dates have shown the presence of both free (protocatechuic acid, vanillic acid, syringic acid, and ferulic acid) and bound phenolic acids (gallic acid [GA] , protocatechuic acid, p-hydroxybenzoic acid, vanillic acid, caffeic acid, syringic acid, p-coumaric acid, ferulic acid, and coumaric acid). [25] The potent antioxidant activity of dates might be due to its phenolic compounds and flavonoid constituents. [23, 28] Date varieties from different regions of Oman had different levels and patterns of phenolic acids. Nine phenolic acids (gallic, protocatechuic, p-hydroxybenzoic, vanillic, caffeic, syringic, p-coumaric, ferulic, and o-coumaric acid) have been tentatively identified. It has been reported that ferulic acid is the one of the major phenolic acids found in high amounts in all date varieties of Oman. [29] We have recently reported that the date palm fruits growing in Oman can inhibit the Aβ fibrils formation under in vitro conditions. [30] Consequently, we asked whether dietary supplementation with dates could improve AD-like cognitive and behavioral deficits in the amyloid precursor protein (APPsw)/Tg2576 Transgenic mice model of AD.
MATERIALS AND METHODS

Collection and diet preparation
The plant was identified by the Crop Science Department people from Sultan Qaboos University, Oman and fresh date fruits khalas variety were collected from Al-Jabal Al-Akdhar farms, Oman. The flesh were isolated manually and rinsed with water and dried for 18 h in a drying cabinet at 40°C. The dried fruits were crushed and extracted with acetone (1:1 ratio, weight to volume) under agitation at room temperature. After 48 h, the extract was then filtered, and the filtrate was evaporated to dryness in a drying cabinet at 40°C. After that, the samples were ground into a fine powder using a coffee grinder.
Total phenolics of dates were measured by the modified Folin-Ciocalteu assay as previously described. [31] Briefly, 250µL Folin-Ciocalteu reagent was mixed with 10µL of date juice extract. After a short incubation of 5 min, 750µL of sodium carbonate (1.9 M) was added and incubated for 2/h at 25°C. The absorbance at 765nm was measured and compared with that from GA standards. The concentration of phenolics in date juice extracts was expressed as gallic acid equivalents (GAE). The total phenolic content was found to be 231.2 ± 0.50 (mg of GAE/100 g). The date extract was sent to Research Diet Inc. (NJ, USA) for preparation of the 2% and 4% date with standard chow.
Animals
Transgenic mice expressing a form of the APP that leads to early onset familial AD (APPsw/Tg2576) were purchased from Taconic form, NY, USA. Twenty four female mice were required for this study, 18 mice were transgenic and 6 mice were wild-type (nontransgenic) control littermates of the APPsw. These animals were free from pathogens and viruses. Female APPsw/Tg2576 and wild-type mice were housed in individual cages under a 12:12 h light-dark cycle (7 am light on) with ad libitum access to standard chow (Harlan Teklad Laboratory Diets, Wisconsin, USA), and the 2% and 4% date diet (D04112303 Research Diets Inc., New Jersey, USA) and tap water. The study was approved by the Animal Care and Use Committee of the Sultan Qaboos University, Oman (SQU/AEC/2010-11/3).
Behavioral analysis
To find out the effect of dates, we have chosen two different doses (2% and 4%) for this study. The experimental period commenced from the age of 4 months. The animals were divided into four groups: Group 1: Wild type (nontransgenic) control of the APPsw mice fed with standard chow diet, Group 2: APPsw/Tg2576 mice also fed with standard chow diet, Group 3: APPsw/Tg2576 mice fed with 2% date fruit diet, and Group 4: APPsw/Tg2576 mice fed with 4% date fruit diet. The cognitive and behavioral function were assessed in these experimental and control mice at the age of 4 months, and after 14 months of dietary supplementation using the Morris water maze test (for spatial memory and learning ability), T-maze test (for position discrimination learning ability), rota-rod test (for psychomotor coordination), elevated plus maze (EPM) test (for anxiety-related behavior) and open-field test to determine the potential effect of a diet rich in dates, on memory, anxiety and learning skills.
Open field test
Locomotors activity was measured in the open-field of a white Plexiglas chamber (45 cm × 45 cm × 40 cm). Illumination in the chamber was adjusted to 70 lux. The mice were placed in the same environment as that of the chamber 30 min before exposure to the open-field. Each mouse was placed individually at the center of the open-field, and locomotion was recorded for 60 min. Horizontal locomotors activity was judged according to the distance the animal moved. The inner 30% of the open-field was defined as the center in the current study.
Rota-rod test
Motor coordination and motor learning were measured by means of rota-rod tests. The rota-rod consisted of a rotating cylinder (diameter 4.5 cm, Ugo Basil, Italy) with a speed controller. The mice were placed on top of the cylinder with the coarse surface for a firm grip. The rota-rod was accelerated from 5 to 20 rpm and maintained at the indicated speed for 5 min, and then the mice were subjected to tests at successively higher speeds. A cutoff time of 5 min and an inter-trial interval of 60 min were used. The time spent on the rod without falling down was recorded.
Morris water maze test
T h e wa ter m a z e co n s i s ted o f a m eta l p o o l (170 cm in diameter × 58 cm tall, Ugo Basil, Italy) filled with tap water (25°C, 40 cm deep) divided into four quadrants. A removable escape platform below the water level and covered with a nontoxic milk powder was placed in the center of one quadrant. The pool was divided into four quadrants (northeast, northwest, southeast, and southwest) by two imaginary lines crossing the center of the pool. For each animal, the location of the invisible platform was placed at the center of one quadrant and remained there throughout training. The mice must memorize the platform location in relation to various environmental cues, and there was nothing directly indicative of the location of the escape platform in and out of the pool. Therefore, the placement of the water tank and platform were the same in all acquisition trials. Each mouse was gently placed in the water facing the wall of the pool from one of the four starting points (north, east, south, or west) along the perimeter of the pool, and the animal was allowed to swim until it found and climbed onto the platform. During the training session, the mouse was gently placed on the platform by an experienced investigator when it could not reach the platform in 60 s. In either case, the subject was left on the platform for 15 s and removed from the pool. The time for animals to climb onto the hidden platform was recorded as escape latency or acquisition time. In order to determine the capability of the animals to retrieve and retain information, the platform was removed 24 h later, and the mouse was released into the quadrant diagonally opposite to that which contained the platform. Time spent in the region that previously contained the platform was recorded as retention time. In each trial, the animal was quickly dried with a towel before being returned to the cage. All tests were carried out after 14 months following 2% and 4% date fruit dietary supplementation.
Elevated plus maze test
The EPM was made of black Plexiglas. The apparatus consisted of four arms (30 cm × 7 cm) elevated 50 cm from the floor and placed at right angles to each other. Two of the arms had 20 cm high walls (enclosed arms), whereas two had no walls (open arms). The illumination at the center was adjusted to 40 lux. For the test, the mouse was initially placed at the center of the platform and left to explore the arms for 5 min. The number of entries closed arms and the time spent in open arms was recorded. Entry into arm was scored as an event if the animal placed all four paws in the arm.
Left-right discrimination learning
The T-maze (length of stem 64 cm, length of arms 30 cm, width 12 cm, and height of walls 16 cm) was made of clear plexiglass and filled with water (23 ± 1°C) at a height of 12 cm. A platform (11 cm × 11 cm) was submerged 1 cm below at the end of the target arm. During the first two trials, platforms were placed on both arms to test turning preferences. Afterwards, only the least chosen arm, if any, was reinforced, with approximately the same number of mice being reinforced on either side. APPsw and control mice were placed in the stem of the T-maze and swam either to the left or the right until finding the submerged platform up to a maximum of 60 s. The animals were gently guided to the platform if they failed to find it. After reaching the platform, the mice remained on it for 20 s and then placed back in the maze for up to a maximum of 48 trials, except for a 10 min rest period after each 10-trial block. A mouse was considered to have achieved the criterion after 5 consecutive errorless trials. The reversal learning phase was then conducted 2 days later, with the protocol repeated except that the mice were trained to find the escape platform on the opposite side. Escape latencies and errors were recorded.
Sample collection
The day after completion of the behavioral tests, blood samples were collected drawn from the orbital sinus in 2 ml Eppendorf tubes. Collected blood samples were centrifuged at 4000 rpm for 15 min at 4°C, and the plasma were collected and stored at −80°C until measurement.
Determination of plasma amyloid beta (1-40) and amyloid beta (1-42)
At the time of sacrifice, 200-500 µL of blood was collected and centrifuged, at 5000 rpm for 15 min at 40°C, to separate out plasma. Plasma samples, stored at 80°C with a preservative solution, were analyzed in duplicate. Human Aβ1-40 and Aβ1-42 plasma levels were determined through two specific Sandwich ELISA kits, AB test 40 and AB test 42 (Araclon Biotech Ltd. Zaragoza, Spain) following the supplier's instructions. Aβ1-40 and Aβ1-42 levels were calculated from a standard curve developed with optical density at 450 nm versus serial dilutions of known concentration.
Statistical analysis
Data analysis was performed by using the Graph Pad Prism software. All values are mean ± standard deviation one-way analysis of variance and post-hoc Tukey's multiple comparison tests were used to determine statistical significance between treatment groups. Differences between treatment groups were considered as significant if P < 0.05.
RESULTS
Impaired coordinated motor movement were improved in aged amyloid precursor protein sw/Tg2576 mice exposed to a date rich diet
In this study, we characterized the behavioral properties of the APPsw/Tg2576 and wild-type control mice, with and without date fruit supplementation. In the open-field test, the locomotors activity of APPsw/ Tg2576 mice was significantly impaired compared to the wild-type control mice after 14 months of supplementation of the normal diet [ Figure 1a and b] . Similarly, the motor coordination of the APPsw/ Tg2576 mice on the rota-rod was significantly lower compared to wild-type controls at 18 months of age [ Figure 1 ]. Supplementation with 2% and 4% dates to APPsw/Tg2576 mice restored their locomotors activity in both the open-field and rota-rod test after 14 months of supplementation [ Figure 1c and d].
2% and 4% date rich diet improved spatial memory in aged amyloid precursor protein sw/Tg2576 mice
The cognitive ability of the APPsw/Tg2576 mice was assessed by applying the Morris water maze test. Wild-type control mice at 18 months of age, were given the task of learning how to find the hidden platform in the Morris water maze, and their performance was found to improve in an experience-dependent manner. In contrast, the APPsw/Tg2576 mice at 18 months of age showed a significantly delayed latency to finding the hidden platform compared with the wild control mice [ Figure 2a and b]. Supplementation with dates in the diet of APPsw/Tg2576 mice for 14 months, improved the escape latency in finding a platform in a dose-dependent manner. The escape latency in the 4% group was not significantly different to APPsw/ Tg2576 not fed with the date diet APPsw/Tg2576 controls [ Figure 2c and d]. These data indicate that 4% date dietary supplementation in APPsw/Tg2576 mice may improve spatial memory.
Amyloid precursor protein sw/Tg2576 displayed severely increased anxiety which was attenuated with date supplementation
Our data also showed that the level of anxiety in APPsw/Tg2576 mice was significantly reduced in mice receiving 2% and 4% date dietary supplementation. The APPsw/Tg2576 mice receiving the 4% date diet, and the nontransgenic controls showed a greater preference for the duration of time spent in open arm [ Figure 3a and b], and a lower number of entries closed arm in the EPM at 18 months of age compared to APPsw/Tg2576 mice control mice receiving the standard chow, and APPsw/Tg2576 mice exposed to 2% date supplementation [ Figure 3c and d].
Position discrimination learning ability was improved following date supplementation in amyloid precursor proteinsw/Tg2576
We a l s o s h owe d t h a t d a t e s u p p l e m e n t a t i o n improved position discrimination learning ability in APPsw/Tg2576 mice [ Figure 4 ]. The time to reach the platform was significantly increased at 18 months of age in APPsw/Tg2576 mice receiving standard chow compared to wild-type control mice, and was reduced in APPsw/Tg2576 mice receiving the 2% and 4% dates supplementation [ Figure 4a] . Similarly, the number of errors was significantly increased in APPsw/Tg2576 mice fed standard chow compared to wild-type controls. Similarly, treatment with 2% and 4% date supplementation significantly reduced the number of errors.
All the above said behavioral assessments APPsw/Tg2576 mice treated with 4% date supplementation showed better results than 2% dates.
Amyloid beta content in Alzheimer's disease model mice
Amyloid beta 1-40 and Aβ1-42 levels were measured in plasma from control wild, control APPsw/Tg2576 and dietary supplementation of 2% or 4% dates for APPsw/Tg2576 mice, using two independent specific ELISA. Plasma Aβ 1-40 and Aβ 1-42 were detected in samples taken from the APPsw/Tg2576 and control wild mice. Circulating levels of both Aβ1-40 and Aβ1-42 were significantly reduced in 2% or 4% dates diet-fed APPsw/Tg2576 mice after 14 months of dietary supplementation versus the control APPsw/Tg2576 mice values [ Table 1 ]. The more effect was found in 4% dates supplemented animals than 2% ones (P < 0.05). 
DISCUSSION
The main goal of this study was to examine the effects of long-term dietary supplementation of date fruit on spatial memory, learning ability and anxiety in APPsw/Tg2576 mice model of AD. Our results clearly demonstrated that date palm fruits dietary supplementation significantly improved the learning and memory deficits, motor coordination and reduced the anxiety along with plasma Aβ1-40 and Aβ1-42 reduction.
Date fruits supplementation in diet improved reversal learning of left-right discrimination, implying better cognitive flexibility. We also observed a tendency of the date diet to improve the performance over the acquisition phase of the spatial learning, as was indicated by the residual decrease of latencies in 18 month in APPsw/Tg2576 mice. Our data also suggests that the date diet was able to improve the performance of the animals during the probe test of water maze. In which, the date-fed animals spent more time in the target quadrant and made more annulus crossings than the animals fed with the standard chow diet, which demonstrates significant cognitive and learning improvement. Moreover, APPsw/Tg2576 control mice had significantly higher number of entries into the closed arms of the EPM and spent less time in the open arms of the EPM, and they have locomotors problems as evidenced by open-field test and rota-rod than wild control mice and APPsw/Tg2576 mice receiving the date diet. These behaviors were related to an anxiogenic effect induced by deposition Aβ [ Table 1 ]. Given that increased anxiety is a problematic symptom of human AD patients, the date diet may represent as an adjunct treatment to reduce anxiety symptoms in AD. [32] An increasing amount of studies have reported beneficial effects of other diets supplemented with different extracts acting as potential antioxidants on improving neuropathology and behavior in transgenic mouse models of AD. [33, 34] The increased levels of plasma Aβ previously documented with AD. [35, 36] Furthermore, in experimental mouse model of AD it has been observed that after a few months of birth they secreted more Aβ1-40, and Aβ1-42 than their wild control littermates throughout their life. [37, 38] Herein, we report as well the presence of Aβ in plasma, but the decreasing effect of dates diet on Aβ1-40 and Aβ1-42 plasma levels in APPsw/Tg2576 mice compared with Control diet-fed Tg2576 mice, when applied for 14 months before Aβ plaque formation. Although this decrease is not large, taking into account the dynamic nature of Aβ present in plasma samples, the reduction observed is promising.
Regarding this aspect, dates have been revealed as a promising source of phytochemicals with a broad array of health benefits. Date products containing high antioxidant activity, directly related to their phenolic content. Ferulic acid is a natural molecule abundantly present in all date varieties in Oman. It has antioxidant [39, 40] and antiinflammatory activities. [41] Previous reports have shown that long-term (4 weeks) administration of ferulic acid protects against intracerebroventricularly administered Aβ 1-42 induced learning and memory impairment, and inhibits astrocyte and microglial activation [42, 43] in mice. Ferulic acid was also reported to destabilize preformed Aβ fibrils in vitro. [44, 45] Administration of ferulic acid showed protection in APP/PS1 transgenic mice, including a decrease in Aβ deposition in the brain. [46] Intravenous administration of ferulic acid has also been shown to protect against neuronal cell death induced by cerebral ischemia. [47] [48] [49] Interestingly, ferulic acid could ameliorate stress-induced depression-like behavior in mice by promoting neural progenitor cell proliferation in vitro and in vivo conditions, [50] which is consistent with the antianxiolytic effect of dates in this study. Treatment with ferulic acid, remediates behavioral impairment, reduces amyloidogenic APP metabolism by modulating β-secretase, and mitigates AD-like pathology in the PSAPP transgenic mouse [51] also supports our current findings.
Apart from the protective effects of ferulic acid, [52] it also demonstrated the neuroprotective effect of protocatechuic acid, another important polyphenolic constituent in dates, against Aβ-induced toxicity in cultured neurons. Similarly, there were reports [53] that caffeic acid protected the PC12 cells against Aβ-induced toxicity by the inhibition of calcium influx and tau phosphorylation, which are important pathological hallmarks of AD. Another report [54] showed the protective effects of caffeic acid against acrolein-induced neurotoxicity in HT22 mouse hippocampal cells. Acrolein-induced oxidative stress is hypothesized to be involved in the etiology of AD. Recently we have reported that the long-term dietary supplementation of date and other fruits could counteract oxidative stress related changes in AD transgenic mice [55] [56] [57] [58] which also support our current findings. The long-term supplementation of date palm fruits from Oman could be able to improve behavior performances in AD transgenic mice could be due to the high presence of active phytochemicals in dates and the exact mechanism is still unclear. Further extensive studies are warranted.
CONCLUSION
This study highlights the beneficial effect of dates on cognition and locomotors activity in the APPsw/Tg2576 mice model of AD and the same was presented recently in experimental biology 2014 conference in USA. [59] Further studies are necessary to validate and determine the mechanism of action of dates in the brain, and whether dates can prevent or slow down the progression of clinical AD. 
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